
 

 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 



 

 

 

 

+



 

𝐷𝐶 = 1 −
𝑉𝐼𝑁
𝑉𝑂𝑈𝑇

 

 

 

𝑉𝐿𝐸𝐷 = (𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐿𝐸𝐷) ∙ 𝑉𝑓𝑜𝑟𝑤𝑎𝑟𝑑 = 12 ∙ 2.9 𝑉 = 34.8 𝑉 

𝑅𝐿𝐸𝐷 = (𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐿𝐸𝐷) ∙ 𝑅𝐿𝐸𝐷 = 12 ∙ 1 Ω = 12 Ω

𝑉𝑂𝑈𝑇 = 𝑉𝐿𝐸𝐷 + 𝑅𝐿𝐸𝐷 ∙ 𝐼𝑂𝑈𝑇 = 34.8 𝑉 + 12 Ω ∙ 0.35 𝑚𝐴 = 39.0 𝑉

𝑅𝐿𝐸𝐷 =
0.1 𝑉

100 𝑚𝐴
= 1 Ω



 

< 𝐼𝐼𝑁_𝑀𝐴𝑋 >=
𝑃𝑂𝑈𝑇

𝑉𝐼𝑁_𝑀𝐼𝑁 ∙ 𝜂
=  
𝑉𝑂𝑈𝑇 ∙ 𝐼𝑂𝑈𝑇
𝑉𝐼𝑁_𝑀𝐼𝑁 ∙ 𝜂

=  
39 𝑉 ∙ 0.35 𝐴

8 𝑉 ∙ 0.9
=  1.90 𝐴

< 𝐼𝐼𝑁_𝑇𝑌𝑃 >=
𝑃𝑂𝑈𝑇

𝑉𝐼𝑁_𝑇𝑌𝑃 ∙ 𝜂
=  
𝑉𝑂𝑈𝑇 ∙ 𝐼𝑂𝑈𝑇
𝑉𝐼𝑁_𝑇𝑌𝑃 ∙ 𝜂

=  
39 𝑉 ∙ 0.35 𝐴

13.5 𝑉 ∙ 0.9
=  1.12 𝐴

< 𝐼𝐼𝑁_𝑀𝐼𝑁 >=
𝑃𝑂𝑈𝑇

𝑉𝐼𝑁_𝑀𝐴𝑋 ∙ 𝜂
=  
𝑉𝑂𝑈𝑇 ∙ 𝐼𝑂𝑈𝑇
𝑉𝐼𝑁_𝑀𝐴𝑋 ∙ 𝜂

=  
39 𝑉 ∙ 0.35 𝐴

26 𝑉 ∙ 0.9
= 0.58 𝐴

 

𝐿𝑀𝐼𝑁1 ≥ 𝐷𝑇𝑌𝑃 ∙
𝑉𝐼𝑁𝑇𝑌𝑃

∆𝑖𝐿_𝑇𝑌𝑃(𝑃−𝑃) ∙ 𝑓𝑠𝑤
= 0.65 ∙

13.5 𝑉

2 ∙ 0.3 ∙ 1.12 𝐴 ∙ 400 𝑘𝐻𝑧
= 32.64 𝜇𝐻

𝐿𝑀𝐼𝑁2 ≥ 𝐷𝑀𝐼𝑁 ∙
𝑉𝐼𝑁𝑀𝐴𝑋

2 ∙< 𝐼𝐼𝑁_𝑀𝐼𝑁 >∙ 𝑓𝑠𝑤
= 0.33 ∙

26 𝑉

2 ∙ 0.58 𝐴 ∙ 400 𝑘𝐻𝑧
= 18.49 𝜇𝐻



∆𝑖𝐿(𝑃−𝑃) = 𝐷𝑀𝐴𝑋 ∙
𝑉𝐼𝑁_𝑀𝐼𝑁
𝐿 ∙ 𝑓𝑠𝑤

= 0.79 ∙
8 𝑉

33 𝜇𝐻 ∙ 400 𝑘𝐻𝑧
= 0.48 𝐴

𝐼𝐿−𝑀𝐴𝑋 = < 𝐼𝐼𝑁_𝑀𝐴𝑋 > + 
∆𝑖𝐿(𝑃−𝑃)

2
= 1.90 𝐴 +

0.48

2
 𝐴 = 2.14 𝐴

 

 

 

 

+



Δ𝑉𝑂𝑈𝑇 ≅  Δ𝐼𝑂𝑈𝑇 ∙ 𝑅𝐿𝑂𝐴𝐷 = 𝐼𝑂𝑈𝑇 ∙ 𝑟𝑖𝑝𝑝𝑙𝑒𝑂𝑈𝑇 ∙ 𝑅𝐿𝑂𝐴𝐷 = 350 𝑚𝐴 ∙ 0.02 ∙ 12 Ω = 0.084 𝑉

𝐶 ≥
𝐼𝑂𝑈𝑇
Δ𝑉𝑂𝑈𝑇

∙
𝐷𝑀𝐴𝑋
𝑓𝑠𝑤

=
0.35 𝐴

0.084 𝑉
∙
0.79

400 𝑘𝐻𝑧
= 8.2 𝜇𝐹

 

∆𝑉𝐸𝑆𝑅 = 𝑅𝐸𝑆𝑅 ∙ 𝐼𝑂𝑈𝑇

 

∆𝑉𝐸𝑆𝑅 = 𝑅𝐸𝑆𝑅 ∙ (𝐼𝐿 − 𝐼𝑂𝑈𝑇)

𝑅𝐸𝑆𝑅 ≤
∆𝑉𝐸𝑆𝑅
𝐼𝑂𝑈𝑇

=
0.1 ∙ ∆𝑉𝑂𝑈𝑇
𝐼𝑂𝑈𝑇

=
0.1 ∙ 0.084 𝑉

0.35 𝐴
= 24 𝑚Ω

𝑅𝐸𝑆𝑅 ≤
∆𝑉𝐸𝑆𝑅

𝐼𝐿−𝑀𝐴𝑋 − 𝐼𝑂𝑈𝑇
=

0.1 ∙ ∆𝑉𝑂𝑈𝑇
𝐼𝐿−𝑀𝐴𝑋 − 𝐼𝑂𝑈𝑇

=
0.1 ∙ 0.084 𝑉

2.38 𝐴 − 0.35 𝐴
= 4 𝑚Ω

Ω

 



 

 

 

 

 

𝐶𝑃 =
1

4 ∙ 𝜋2 ∙ 𝐿𝑃 ∙ 𝑓𝑃
2 = 

1

4 ∙ 𝜋2 ∙ 3.3 𝜇𝐻 ∙ (40 𝑘𝐻𝑧)2
= 4.8 𝜇𝐹

 

Controller
+



 

𝐼𝑇_𝑟𝑚𝑠 = √
1

𝑇
∫ 𝑖𝑀𝑂𝑆(𝑡)

2𝑑𝑡
𝑇

0

2

= √
1

𝑇
∫ (

(𝐼𝑇 + ∆𝐼𝑇 − 𝐼𝑇 + ∆𝐼𝑇) ∙ 𝑡

𝑇𝑂𝑁
+ (𝐼𝑇 − ∆𝐼𝑇))

2𝑇

0

𝑑𝑡
2

= √
𝑇𝑂𝑁
3𝑇

(𝐼𝑀𝑂𝑆_𝑚𝑖𝑛
2 + 𝐼𝑀𝑂𝑆_𝑚𝑖𝑛 ∙ 𝐼𝑀𝑂𝑆_𝑚𝑎𝑥 + 𝐼𝑀𝑂𝑆_𝑚𝑎𝑥

2 )

= √
𝐷

3
(𝐼𝑀𝑂𝑆_𝑚𝑖𝑛
2 + 𝐼𝑀𝑂𝑆_𝑚𝑖𝑛 ∙ 𝐼𝑀𝑂𝑆_𝑚𝑎𝑥 + 𝐼𝑀𝑂𝑆_𝑚𝑎𝑥

2 )

𝐼𝑇_𝑟𝑚𝑠,𝑚𝑎𝑥√
𝐷𝑀𝐴𝑋
3

((𝐼𝐿−𝑀𝐴𝑋 − ∆𝑖𝐿(𝑃−𝑃))
2
+ (𝐼𝐿−𝑀𝐴𝑋 − ∆𝑖𝐿(𝑃−𝑃)) ∙ 𝐼𝐿−𝑀𝐴𝑋 + 𝐼𝐿−𝑀𝐴𝑋

2 )

= √
0.79

3
((2.14 𝐴 − 0.48 𝐴)2 + (2.14 𝐴 − 0.48 𝐴) ∙ 2.14 𝐴 + (2.14 𝐴)2) = 1.69 𝐴

Controller
+



 

𝐼𝐷_𝑟𝑚𝑠,𝑚𝑎𝑥 = √
𝑇𝑂𝐹𝐹
3𝑇

((𝐼𝐿−𝑀𝐴𝑋 − ∆𝑖𝐿(𝑃−𝑃))
2
+ (𝐼𝐿−𝑀𝐴𝑋 − ∆𝑖𝐿(𝑃−𝑃)) ∙ 𝐼𝐿−𝑀𝐴𝑋 + 𝐼𝐿−𝑀𝐴𝑋

2 )

= √
0.21

3
((2.14 𝐴 − 0.48 𝐴)2 + (2.14 𝐴 − 0.48 𝐴) ∙ 2.14 𝐴 + (2.14 𝐴)2) = 0.87 𝐴

 

 

𝑅𝑆𝑊𝐶𝑆 <
𝑉𝑆𝑊𝐶𝑆

1.5 ∙ 𝐼𝐿−𝑀𝐴𝑋
=

150 𝑚𝑉

1.5 ∙ 2.14 𝐴
= 47 𝑚Ω

TLD5099EP



Ω

𝑃 = 𝑅𝑆𝑊𝐶𝑆 ∙ 𝐼𝑁𝑀𝑂𝑆
2 = 22 𝑚Ω ∙ (1.69 𝐴)2 = 62.8 𝑚𝑊

 

𝑅𝐹𝐵 =
𝑉𝑅𝐸𝐹
𝐼𝑂𝑈𝑇

= 
0.3 𝑉

0.35 𝑚𝐴
= 0.857 Ω

Ω

𝐼𝑂𝑈𝑇 =
𝑉𝑅𝐸𝐹
𝑅𝐹𝐵

=
0.3 𝑉

0.82 Ω
= 365 𝑚𝐴

𝑃 = 𝑅𝐹𝐵 ∙ 𝐼𝑂𝑈𝑇
2 = 0.82 Ω ∙ (0.35 𝐴)2 = 0.1 𝑊

TLD5099EP

+



 

 

 

Ω

𝑅𝐵 >
𝑉𝐸𝑁/𝑃𝑊𝑀𝐼,𝑂𝑁

(𝑉𝐼𝑁_𝑀𝐼𝑁 − 𝑉𝐷1 − 𝑉𝐸𝑁/𝑃𝑊𝑀𝐼,𝑂𝑁)
=

3 𝑉

(8 𝑉 − 0.7 𝑉 − 3 𝑉)
= 6.98 𝑘𝛺

𝑉𝐸𝑁/𝑃𝑊𝑀𝐼 =
𝐷𝐶[%] ∙ 0.24 ∙ 𝑉𝐼𝑉𝐶𝐶

100
+ 0.32 ∙ 𝑉𝐼𝑉𝐶𝐶 =

10 ∙ 0.24 ∙ 5 𝑉

100
+ 0.32 ∙ 5 𝑉 = 1.72 𝑉

𝑅𝐴 =
𝑉𝐼𝑉𝐶𝐶 − 𝑉𝐸𝑁/𝑃𝑊𝑀𝐼

𝐼𝑅𝐵
=
5 𝑉 − 1.72 𝑉

246 𝜇𝐴
= 13.3 𝑘𝛺



 

 

𝑅𝐷𝐼𝑀2 =
𝑉𝐺𝑆−𝑃𝑀𝑂𝑆

𝐼𝑅
=
10 𝑉

1 𝑚𝐴
= 10 𝑘Ω

𝑅𝐷𝐼𝑀1 =
𝑉𝑂𝑈𝑇_𝑚𝑖𝑛 − 𝑉𝐺𝑆−𝑃𝑀𝑂𝑆

𝐼𝑅
=
31.2 𝑉 − 10 𝑉

1 𝑚𝐴
= 21.2 𝑘𝛺 

Ω.

 



𝑅𝐹𝑅𝐸𝑄−𝑆𝑆𝑀𝑜𝑛 = 
1

(600 ∙ 10−12 ∙ 𝑓𝐹𝑅𝐸𝑄)
0.943 − 600 =  

1

(600 ∙ 10−12 ∙ 400 𝑘𝐻𝑧)0.943
− 600 = 1.99 𝑘Ω

Ω

 

Ω

𝑉𝑆𝐸𝑇 = 5 ∙ 𝑅𝐹𝐵 ∙ 𝐼𝑂𝑈𝑇 + 0.1 𝑉 = 5 ∙ 0.82 Ω ∙ 0.35 𝑚𝐴 + 0.1 𝑉 = 1.535 𝑉

 

Ω, 

𝑅𝑅𝐸𝑆𝑇1 =
𝑉𝐼𝑉𝐶𝐶 − 𝑉𝑆𝐸𝑇
1 𝑚𝐴

=
5 𝑉 − 1.535 𝑉

1 𝑚𝐴
= 3.465 𝑘Ω

Ω.

 



 

𝑅𝑂𝑉𝐻 =
𝑉𝑂𝑈𝑇_𝑀𝐴𝑋 − 𝑉𝑂𝑉𝐹𝐵,𝑇𝐻

𝐼𝑅−𝑂𝑉𝐹𝐵
=
48 𝑉 − 1.25 𝑉

1.25 𝑚𝐴
= 37.4 𝑘Ω



 

 

𝐴𝐸𝐴(𝑠) =  𝑔𝑚_𝐸𝐴 ∙ 𝑅𝐸𝐴 ∙
(1 + 𝑠 ∙ 𝜏𝑧1)

(1 + 𝑠 ∙ 𝜏𝑝1) ∙ (1 + 𝑠 ∙ 𝜏𝑝2)

 

 Ω

 𝜏𝑧1 = 𝐶𝑐𝑜𝑚𝑝1 ∙ 𝑅𝑐𝑜𝑚𝑝

 𝜏𝑝1 = (𝐶𝑐𝑜𝑚𝑝1 + 𝐶𝑐𝑜𝑚𝑝2) ∙ 𝑅𝐸𝐴

 𝜏𝑝2 = 𝐶𝑐𝑜𝑚𝑝2 ∙ 𝑅𝑐𝑜𝑚𝑝

𝐴𝐶𝑀(𝑠) =
0.2 ∙ (1 − 𝐷) ∙ 𝑅𝑙𝑜𝑎𝑑

(1 +
𝑉𝑟𝑒𝑓

𝑉𝐿𝑂𝐴𝐷 + 𝑉𝑟𝑒𝑓
) ∙ 𝑅𝑠𝑤𝑐𝑠

∙
(1 + 𝑠 ∙ 𝜏𝑧2)

(1 + 𝑠 ∙ 𝜏𝑝3) ∙ (1 +
𝑠

𝜔𝑛 ∙ 𝑄
+
𝑠2

𝜔𝑛
2)

2

4

3

6

7

+

–

8

14



 

 

 

 𝜏𝑧2 = −
𝐿𝐵𝑂

(1−𝐷)2
∙

(𝐼𝑂𝑈𝑇)

(𝑉𝐿𝑂𝐴𝐷+𝑉𝑟𝑒𝑓)

 𝜏𝑝3 =
𝐶𝑂𝑈𝑇∙𝑅𝐿𝐸𝐷

1+
𝑉𝑟𝑒𝑓

𝑉𝐿𝑂𝐴𝐷+𝑉𝑟𝑒𝑓

 𝜔𝑛

 𝑄 =
1

𝜋∙((1+
𝑆𝑒
𝑆𝑛
)∙(1−𝐷)−0.5)

o 𝑆𝑒 = 50 ∙ 10
−6 ∙ 𝑓𝑠𝑤

o 𝑆𝑛 =
𝑉𝑖𝑛∙𝑅𝑆𝑊𝐶𝑆

𝐿𝐵𝑂
∙ 10−3

𝛽 =
𝑅𝐹𝐵

𝑅𝐿𝐸𝐷 + 𝑅𝐹𝐵

𝐴𝐸𝐴(0) =  𝑔𝑚_𝐸𝐴 ∙ 𝑅𝐸𝐴 = 600 𝜇𝑆 ∙ 2.5 𝑀Ω = 1500

𝐴𝐶𝑀(0) =
0.2 ∙ (1 − 𝐷) ∙ 𝑅𝑙𝑜𝑎𝑑

(1 +
𝑉𝑟𝑒𝑓

𝑉𝐿𝑂𝐴𝐷 + 𝑉𝑟𝑒𝑓
) ∙ 𝑅𝑆𝑊𝐶𝑆

=
0.2 ∙ (1 − 0.65) ∙ 12.82 Ω

(1 +
0.287 𝑉

39.0 𝑉 + 0.287 𝑉) ∙ 0.022 Ω
= 40.16

𝛽 =
𝑅𝐹𝐵
𝑅𝐿𝐸𝐷

=
0.82 Ω

12 Ω + 0.82 Ω
= 0.064

𝑇(0)|𝑑𝐵 = 20 ∙ log(𝐴𝐸𝐴(0) ∙ 𝐴𝐶𝑀(0) ∙ 𝛽) = 20 ∙ log(1500 ∙ 40.16 ∙ 0.064) = 71.72 𝑑𝐵

Ω

𝜏𝑝1 = (𝐶𝑐𝑜𝑚𝑝1 + 𝐶𝑐𝑜𝑚𝑝2) ∙ 𝑅𝐸𝐴 = (22 𝑛𝐹 + 0) ∙ 2.5 𝑀Ω =   0.055 𝑠

𝜏𝑝2 = 𝐶𝑐𝑜𝑚𝑝2 ∙ 𝑅𝑐𝑜𝑚𝑝 = 0 𝐹 ∙ 6600 Ω = 0 𝑠



𝜏𝑝3 =
𝐶𝑂𝑈𝑇 ∙ 𝑅𝐿𝐸𝐷

1 +
𝑉𝑟𝑒𝑓

𝑉𝐿𝑂𝐴𝐷 + 𝑉𝑟𝑒𝑓

=
13.16 𝜇𝐹 ∙ 12 Ω

1 +
0.287 𝑉

39.0 𝑉 + 0.287 𝑉

= 156.77 ∙ 10−6 𝑠

𝜏𝑧1 = 𝐶𝑐𝑜𝑚𝑝1 ∙ 𝑅𝑐𝑜𝑚𝑝 = 22 𝑛𝐹 ∙ 6600 Ω = 145.2 ∙ 10
−6 𝑠

𝜏𝑧2 = −
𝐿𝐵𝑂

(1 − 𝐷)2
∙

(𝐼𝑂𝑈𝑇)

(𝑉𝐿𝑂𝐴𝐷 + 𝑉𝑟𝑒𝑓)
= −

33 𝜇𝐻

(1 − 0.65)2
∙

0.35 𝐴

39.0 𝑉 + 0.287 𝑉
= −2.40 ∙ 10−6 𝑠

𝜔𝑛 = 𝜋 ∙
𝑓𝑠𝑤
2
= 628 ∙ 103  𝑟𝑎𝑑 𝑠⁄

𝑄 =
1

𝜋 ∙ ((1 +
𝑆𝑒
𝑆𝑛
) ∙ (1 − 𝐷) − 0.5)

=
1

𝜋 ∙

(

 
 
(1 +

50𝜇 ∙ 400 𝑘𝐻𝑧

0.001 ∙
13.5 𝑉
33 𝜇𝐻

∙ 0.022 Ω
) ∙ (1 − 0.65) − 0.5

)

 
 

= 0.51

 



 

 

 

 



 

Ground layer 
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